Abstract Thyroid gland involvement by Langerhans cell histiocytosis is extremely rare. A 35-year-old woman with a history of a suprasellar mass previously diagnosed as a ganglioglioma and complicated by diabetes insipidus, hypogonadotropic hypogonadism, and central hypothyroidism presented with acute onset of neck enlargement. On ultrasound examination, almost the entire thyroid appeared replaced by abnormal lobulated hypoechoic tissue with increased vascularity. Fine needle aspiration (FNA) of the thyroid was performed and revealed singly scattered and loosely cohesive large cells with abundant cytoplasm, including some with irregular nuclear contours and nuclear grooves. No thyroid follicular cells were noted. Based on the cytomorphologic findings and ancillary studies (immunohistochemistry and flow cytometry analysis) a cytological diagnosis of ''positive for neoplastic cells'' with features suggestive of monocytic/histiocytic origin, possibly Langerhans cell histiocytosis (LCH) was rendered. Following FNA, the patient underwent an incisional thyroid biopsy that confirmed the cytological impression of LCH. In light of the new diagnosis of LCH, the prior suprasellar mass biopsy slides were re-reviewed and rare cells suspicious for LCH were observed.
findings prompted fine needle aspiration (FNA) of the left and right thyroid lobes.
Diagnosis

Fine Needle Aspiration and Biopsy
At the time of on-site assessment, the smears showed large atypical mononuclear cells (Fig. 2a) . Due to the dyscohesion of the cells, the samples were submitted for flow cytometry analysis and additional aspirates were requested for cell block preparation. The Diff-Quik and Papanicolaou-stained smears and hematoxylin and eosin (H&E)-stained cell block sections showed mononuclear cells with moderate-to-abundant cytoplasm. The nuclei were enlarged, and some cells had convoluted nuclei, with occasional cells exhibiting nuclear grooves. Only rare eosinophils were evident in the background, and no significant follicular cell component was seen (Figs. 2b-d, 3 ). On immunohistochemical staining, the lesional cells were positive for S100, CD1a, Langerin, and negative for pancytokeratin, thyroid transcription factor-1 (TTF-1), synaptophysin, chromogranin, CEA, CD138, and PAX-8 ( Fig. 4a, b) . A few cells expressed CD68 and CD163. The corresponding flow cytometry of the lesional cells showed the following profile: CD4?, CD13±, CD33?, HLA-DR?, and CD11c?. Based on the morphologic and immunophenotypic analysis, a diagnosis of ''positive for neoplastic cells'' with features suggestive of monocytic/ histiocytic origin, possibly Langerhans cell histiocytosis (LCH), was rendered.
Following FNA, the patient underwent an incisional thyroid biopsy that confirmed the cytological impression of LCH. Flow cytometry using a comprehensive panel of markers detected 20 % events (cells) in the CD45 dimbright, intermediate-high side scatter gate, which displayed the following phenotype: CD34-, CD117-, TdT-, CD1a?, CD13±, CD33?, CD64±, CD4?, CD11c?, CD14-, HLA-DR?, CD2±, surface/cytoplasmic CD3-, CD5-, CD7-, CD8-, CD19-, CD20-, cCD79a-, CD16/56-and cMPO-. On immunohistochemical staining, the neoplastic cells showed variable CD45 expression and they were immunoreactive for CD43, CD33, vimentin, S100, CD1a and Langerin ( Fig. 5a-d) . A subset expressed monocytic/histiocytic antigens (CD14?, CD68/PGM1?, CD163?). Absence of CD34, CD117, CD15 or myeloperoxidase expression was confirmed. The Ki-67 labeling index was 30 %. Stains for CD3, CD20, CD21 and CD23 showed scattered reactive lymphoid aggregates. Stains for pan-cytokeratin and TTF-1 demonstrated preserved, as well as, disrupted thyroid follicles.
Real-time PCR analysis using fluorescently labeled hydrolysis probes to detect the BRAF V600E mutation was performed on the cytology and incisional biopsy samples; however, both specimens lacked the mutation. Conventional cytogenetic (G-band) analysis showed a normal female karyotype and no chromosome abnormalities were detected. On performing SNP array analysis, using the CytoScan HD array (Affymetrix), no distinct somatic copy number alteration (chromosome gain or loss) or loss of heterozygosity was observed, supporting the G-band karyotype results.
In light of the new diagnosis of LCH, the prior suprasellar mass biopsy histopathology was re-reviewed at another institution, where rare cells suspicious for LCH were noted. Immunohistochemistry performed on the suprasellar mass showed S-100 stain to be positive in glial cells and CD68 in macrophages. Although CD1a was reportedly negative, Langerin immunoreactivity in rare cells was observed.
Oncologic evaluation was negative for skeletal, bone marrow, and gingival involvement. A PET/CT scan showed a markedly enlarged, FDG-avid thyroid (SUV 14.7), increased FDG activity in the superior mediastinum likely due to thyroid extension, and FDG-avid level IIB lymph nodes. The patient's clinical course was complicated by growth (fungation) of the tumor into the skin of the neck. She underwent two 6-weeks courses of induction chemotherapy with vinblastine and prednisone, followed by three cycles of vinblastine, methotrexate, 6-mercaptopurine and steroids due to persistence of thyroid FDGavidity. Follow-up PET/CT showed improvement of FDGavid disease and decrease in thyroid size. There has been no recurrence of disease till present. A brain MRI showed interval improvement in the size of the suprasellar lesion. She remains on stable doses of desmopressin and levothyroxine.
Discussion LCH is a rare monoclonal disease of a subtype of antigenpresenting dendritic cells. First described in 1893 by Hand in association with polyuria and tuberculosis, it was subsequently recognized to comprise a triad of symptoms including DI, exophtalmosis, and lytic bone lesions and became known as Hand-Schuller-Christian disease [1] . Since then it has been determined that LCH can be unifocal, mutifocal unisystem, or a multifocal multisystem disorder, and depending upon the location and distribution of the abnormal cells, the disorder has been referred to by other names, including eosinophilic granuloma, histiocytosis X and Letterer-Siwe disease. More recently, with the application of electron microscopy and immunohistochemistry, the various disease presentations have been unified under a single entity-LCH [2, 3] . The morphologic features of LCH are characteristic. The lesions are composed of a mixture of proliferating Langerhans cells (antigen-presenting dendritic cells) that exhibit prominent nuclear indentations and grooves, multinucleated and Langerin (CD207). It has been suggested that LCH is a disorder of a Langerin-expressing subset of tissue dendritic cells that are derived from blood-borne precursors and are present in most tissue types affected by LCH. It is the coexpression of Langerin (CD207) that defines CD1a positive dendritic cells as Langerhans cells [4] . This fact is important as recent studies have revealed the existence of subsets of Langerin (?), non-Langerhans dendritic cells, especially in the dermis [4, 5] . Langerhans cell histiocytes less often express maturation associated antigens such as CD83 compared to other types of myeloid derived dendritic cells [6, 7] . Despite recent progress, the etiology and pathogenesis of LCH remains unclear. Willman et al. demonstrated that LCH is a clonal proliferative disorder, confirming its neoplastic nature [8] . Establishing clonality is essential in the diagnosis of LCH, especially in cases of unifocal disease, as LCH-like proliferative lesions may be seen in different reactive conditions and also in association with a variety of hematologic and non-hematologic neoplasms [9] . Recent studies have identified recurrent BRAF V600E point mutations in 50-60 % of LCH cases. Moreover, Berres et al. demonstrated that BRAF V600E expression in precursor versus differentiated dendritic cells defines clinically distinct LCH risk groups [10] . The authors hypothesized that high-risk LCH arises from somatic mutations in a hematopoietic progenitor with potential multisystem involvement, while low-risk disease arises from somatic mutations in tissue-restricted dendritic cell precursors. Moreover in a recent study Chakraborty et al. stated that the high frequency of BRAF mutations in LCH, the presence of this mutation in myelomonocyic precursors in patients with high risk LCH, and the ability of enforced expression of BRAF V600E in mice that recapitulates an LCH-like phenotype, supports the concept of LCH being a myeloid neoplasm that arises as the result of MAPK pathway activation at critical stages in myeloid differentiation [11] . It should be noted, however, that detection of the BRAF V600E mutation is not specific for LCH even among histiocytic disorders, as this mutation has been detected in 54 % cases of Erdheim-Chester disease [12] Whether the presence of BRAF V600E mutations reflects biologic relatedness of these types of histiocytoses remains to be determined [13] . More recent studies have uncovered a high frequency of MAP2K1 mutations (33-50 %) in LCH cases that have wild-type BRAF as well as occasional somatic mutations in other mitogen-activated protein kinase (MAPK) pathway genes, ARAF and ERBB3 [11, 14, 15] .
Thyroid gland involvement by LCH is extremely rare. A recent review by Patten et al. summarized the clinicopathological features of 75 reported cases of thyroid gland involvement by LCH, with 65 having been documented in the English literature [6] . In most of the cases, thyroid involvement was part of multisystem disease, and adults LCH Langerhans cell histiocytosis, FNA fine needle aspiration, LC Langerhans cells were affected more often than children, with a slight female predominance (female to male ratio 1.4:1) [6] . In 59 % of cases, the patients presented with diffuse enlargement of the thyroid gland, as noted in our case. Posterior pituitary involvement was a more frequent endocrine presentation of LCH, particularly in children. Of all thyroid LCH cases reviewed by Patten et al. eleven (15 %) patients had associated central DI (four males and seven females, age range 1.5-61 years), and only one 28-year-old patient presented with amenorrhea [6] . Association of LCH with chronic lymphocytic thyroiditis has been described [16] . Thompson et al. showed that patients with localized disease have a better prognosis compared to those with thyroid involvement as part of systemic disease [17] . Moreover, rare association of LCH with Graves' disease has been reported. In the first reported case with this association, isolated LCH was diagnosed in a 26-year-old woman who was suffering from Graves' disease with goiter and bilateral exophthalmoses for 24 months [18] . In another case, a 27-year-old woman was diagnosed with LCH in childhood, and presented to the endocrinology clinic with goiter and thyrotoxicosis. Her diagnostic work-up was consistent with Graves' thyrotoxicosis [19] . Co-occurrence of LCH and papillary thyroid carcinoma (PTC) has also been reported. The first reported case of thyroidmegaly secondary to simultaneous PTC and LCH was in a patient with longstanding LCH [20] . It has been suggested that both processes could have common pathways of pathogenesis, and the underlying inflammatory process and BRAF mutation could also trigger PTC development [21] .
FNA has been proven as a reliable tool in the initial diagnostic work up of thyroid lesions. However, FNA diagnosis of LCH involving the thyroid gland may be challenging, especially if there is no known history of systemic LCH. In fact, to the best of our knowledge, there are only four reported cases where a tentative cytologic diagnosis of LCH was proposed and subsequently confirmed by biopsy and subtotal thyroidectomy [20, [22] [23] [24] . Table 1 summarizes the clinical and cytologic findings of LCH cases diagnosed in thyroid FNA specimens. In one of these cases, a diagnosis of PTC in a background suggestive of LCH was rendered [15] . In the other reported cases of thyroid LCH where FNA was performed, the cytologic findings were misinterpreted as ''atypical follicular epithelial cells'', ''epithelial neoplasm'' and papillary or medullary carcinoma, or were non-diagnostic [6, 25] . Therefore, a high index of suspicion is required to correctly diagnose LCH in thyroid FNA specimens. Other differential diagnostic considerations in thyroid cytology specimens include anaplastic carcinoma, lymphocytic thyroiditis, chronic granulomatous thyroiditis, cystic degeneration in goiter, tuberculosis, nonHodgkin or Hodgkin lymphoma, and leukemic infiltration of the thyroid among others.
A smear with dyshesive cells serves as a diagnostic clue. Typically, these are common in cases containing a lymphoid component. Unlike lymphocytes, which range in size from small to large cells, LCH cells are relatively large. Presence of histiocytes, reactive lymphocytes and eosinophils should raise the suspicion of LCH [24] . Interestingly, only rare eosinophils were noted in our case. Akhtar et al. have reported that the degree of eosinophilic infiltrate in cytology specimens varies from scant to abundant in different areas of LCH lesions and also in different organs. However, presence of eosinophils or Charcot-Leyden crystals is a subtle feature that should alert the pathologist to include LCH in the differential diagnosis [26, 27] . Onsite adequacy assessment with procurement of extra material for ancillary studies is helpful in clinching the diagnosis of this rare entity in thyroid FNA specimens.
In our case, not only was thyroid FNA crucial in diagnosing LCH, it was also instrumental in initiating a thorough multimodality diagnostic work-up for multisystem involvement, thus unmasking the true etiology of the patient's suprasellar mass and associated endocrinopathies. Our case lacked the BRAF V600E mutation, and genomic aberrations were not detected by SNP array analysis. We did not analyze the recently described mutations in genes encoding constituents of the MAP kinase pathway, which occur in approximately 50 % of BRAF wild-type LCH, and such analyses might be helpful in establishing clonality in cases similar to ours in the future.
